Using photographs of the human facial expressions as stimuli, we had the subjects judge the facial expressions in terms of the six basic categories of emotion: happiness, surprise, fear, anger, sadness, and disgust. For each stimulus, we measured the displacements of the facial feature points from a neutral face used as a reference. The relationships between the displacements of the facial feature points and the distribution of categorical judgments were examined by a canonical discriminant analysis. We found three major canonical variables, which were similar to those found by Yamada (1993) . Thus, we conclude that we human beings use the structural dimensions of the face, such as curvedness/openness and slantedness of the facial elements, as the information for categorizing the facial expressions of emotion.
What kind of visual information do we use to categorize the facial expressions of others? Concerning this issue, Yamada (1993) conducted two experiments with the use of schematic faces which were generated and controlled by a computer graphics system, called SEE (Schematic Expressions of Emotions). In the first experiment, subjects were asked to deform the schematic face until they found it expressing one of the six basic emotions: happiness, surprise, fear, anger, sadness, and disgust. Then, the displacements of eight feature points which determined the shape of the schematic face were measured and analyzed by the factor analyses. As a result, two factors were obtained. In the second experiment, another group of subjects were asked to classify the schematic expressional faces, which were produced in the former experiment, into the basic categories of emotion. The canonical discriminant analysis on the relationship between the displacements of the feature points of each expressional face and the distributions of categorical judgments revealed three major canonical variables, two of which were very similar to the factors obtained in the first experiment. Based on the results of these experiments, Yamada concluded that the structural and the correlational changes of the facial elements such as 'curvedness/ openness' and 'slantedness' could be the dimensions of visual information of the expressions.
His findings would provide a cognitive model about what kind of visual information a person extracts for categorizing the facial expressions and how the information is related to the emotional categories. However, his research used not the real faces but the schematic ones. Therefore, in order to generalize his findings onto our nonverbal communication in the real world, the validity of the findings have to be tested by an experiment using the real faces. In addition, that only two consistent variables were found in his research may be because of the restrictions of the schematic faces used. Because of these reasons, we designed an experiment for the purpose of testing Yamada's findings by using the real faces and examine whether or not there exist other structural variables of the expressions.
In this experiment, subjects were asked to observe the facial expressions which the stimulus persons portrayed and to judge them in terms of the basic categories of emotion. As far as the analysis is concerned, to quantify the facial expressions of the stimulus persons, the displacements of the feature points on the face were measured in reference to the neutral one. Then, a canonical discriminant analysis was applied to reveal the relationship between the variables of the displacements of the feature points and the subjects' response distributions of categorical judgments. In other words, we measured the real facial expressions quantitatively as Yamada did for the schematic ones and inquired into the psycho-physical relationship in the judgments of facial expressions.
Method

Constructions of Stimuli
Stimulus persons. The stimulus persons were 12 female college students majoring in Psychology at College of Humanities and Sciences, Nihon University. They participated in this experiment voluntarily by responding to our calling for. There were two reasons for using female stimulus persons. First, several recent researches have shown a small, but consistent superiority of female persons concerning the encoding ability of emotion (see Fridlund, Ekman, & Oster, 1987 for a review). Secondly, the image processing system for extracting the feature points of the stimulus person's face, which was used for the measurement of the facial expressions as will be described later, proved to be inadequate at processing a face with a mustache, even though it was well shaven. This was not only more practical, but also more crucial to us than the first theoretical reason. Procedure. The stimulus persons were asked to portray the facial expressions of six fundamental emotions; happiness, surprise, fear, anger, sadness, and disgust. These facial expressions of emotion have been found to be universally recognizable from recent crosscultural studies (Ekman, 1972; Ekman, Friesen, & Ellsworth, 1982; Fridlund Ekman, & Oster, 1987) . The names of the emotions were given to the stimulus persons one by one in random order. Then, they were asked to portray the expression which they could imagine from a given emotion and also instructed to say "Hai", which means "I did" in Japanese, after feeling good enough to complete the task of portraying the expression.
Before being videotaped, they practiced portraying the expressions by watching their faces in a hand mirror they held. After enough exercises, the stimulus persons portrayed each expression twice in front of a video camera. In the case where the stimulus person's face, due to her body and/or head motion, was out of the camera's view, the experimenter asked her to portray it once again, instructing her to do so without any or as little body or head motion as possible. All scenes of their portraying were video-taped.
It took 30 to 50 min. for each stimulus person to portray all expressions.
From these recorded videotapes, one still image of the neutral face and two still images of the posed expressional faces of each emotion, i.e., a total of 13 images for each stimulus person, were selected. By the neutral face, we mean a face that a person can not find as expressing any particular emotion; it becomes a base line for judging facial expressions as described later. We sampled several images of the neutral face from the recorded video frames while the stimulus person had not started to portray any expression of emotion yet, and selected one image from the sampled frames of a face we found the most neutral. As far as the images of the expressional faces were concerned, we sampled several images from the video frames just before the frames which recorded the stimulus person saying "Hai" as a cue of her having completed to portray a given expression very well, and selected the one image from the sampled frames of a face we found reaching to the apex of the expression for each take of two succesful trials of portraying one of six emotions.
Selected images were put into a computer (Micro-Vax II/DEC corp.) as the digital image data via an image processing device (NEXUS6800/KASIWAGI Institute). They were also put into slides for the stimulus presentation.
Environment of video-taping. The face of the stimulus person was lighted up by two 250 W white lamps which were placed in front of and 175 cm away from the person. It was also lighted up by two other 40 W white lamps which were situated beside the face. Furthermore, a black (dark green) board was placed behind the person and was lighted up by two 250 W blue lamps which stood 45 cm away from the board. In order to prevent these other lightings from influencing the lighting of the face, a B5-sized screen with a stand was placed between each blue lamp and the person. The setting arrangement of these apparatus of the lighting and the camera was shown schematically in Figure 1 .
Categorical Judgments
Subjects. Thirty male students majoring in Psychology at College of Humanities and Sciences, Nihon University (A group) and 32 female students majoring in Home Economics at Kawamura College (B group) participated in the experiment of categorical judgments. This experiment was run in those groups.
Apparatus. Each slide of 12 persons' neutral and posed faces was projected onto a screen by two slide projectors, using one projector for the neutral, and the other for the posed. Thus, both the neutral and the posed faces were on the screen at the same time. The screen was placed in front of a classroom and two projectors were set at the end of the room. While keeping track of elapsed time with a stopwatch, an experimenter operated the projectors manually.
Procedure. Subjects were asked to make categorical judgments of emotion from the facial expressions of each stimulus person presented on the right side of the screen in terms of six basic emotional categories (i. e., Figure I . Arrangement of the apparatus for videotaping the facial expressions (unit: mm).
happiness, surprise, fear, sadness, anger, and disgust), while comparing them with her neutral face on the left side. We took this way of stimulus presentation partly because we used the neutral face as a reference to measure the facial expressions parametrically (as described later) and partly because we could agree with Hebb's remark, where he insisted that the recognition of an expression of emotion was the classification of a deviation from a base line of behavior (Hebb, 1946) .
For each stimulus person, 12 slides of the facial expressions were presented in random order on the right side of the screen for about 10 to 15 seconds, while the slide of her neutral face was presented on the left side. The experimenter changed the slides of the facial expressions one by one, after he confirmed that all of the subjects had completed their judgments from each presented stimulus. In order to reduce the effect of order of the stimulus presentation, the orders of the stimulus persons for the group A and B were counter-balanced by being reversed with each other.
Results
Measurement of the Facial Expressions
For each image data of 12 stimulus persons' faces stored in a computer, the locations of 16 feature points as shown in Figure 2 were identified on the co-ordinate of the image plane. The identification was done by a computer system of extracting the feature points of the face, called BASF (Basic Analysis System for Face), developed by Matsuda, Watari, Yamada, and Sakamoto (1991) . The co-ordinate was constructed by X-Y orthogonal dimensions, where the middle point between both points of the inner corner of eyelids was defined as the origin, the straight line going through the origin and both points of the inner corners of eyelids was defined as X axis, and the straight line going through the origin and crossing perpendicularly the X axis was defined as Y axis (the unit was pixel). All values of the feature points' locations for each image were normalized by referring to the distance between the origin and the inner corner points which was fixed as 44 pixels.
Based on the normalized locations of the feature points, the facial expressions were quantified by the following procedure. That is, it was measured, when the emotions were expressed, how much pixels each feature point was displaced along the Y axis from the position of that on the neutral face as the standard. Those values of displacements were signed positive if the feature point was displaced upward and negative if it was displaced downward. For the right and the left lip corners, the values of displacement along the X axis was also measured and signed positive if they were displaced outward and negative if they were displaced inward. Consequently, 15 values of the displacement of 14 feature points for each expression were obtained. Finally, by calculating a mean of a pair of displaced values of the feature points which correspond laterally on the face (e. g. the outer end point of the right eyebrow and the corresponding point of the left one), nine See also Table I . Table I The feature points on the face and their related parameters parameters of the expressions were constructed as shown in Table 1 (see also Figure  2 ). These parameters were the same as in Yamada (1993) Of course, some one might ask a question about our way of measuring facial expressions, wherein the displacements of the corresponding feature points on the right and left sides of the face were averaged, since there exist some degrees of asymmetry in strengh on the human's real facial expression, especially when the expression is not spontaneously elicited but deliberately produced, as several researches indicated (Hager, 1982 for a review). However, our aim was not to study the asymmetry of the facial expressions itself, but to verify Yamada's findings (1993) concerning the visual information for categorizing facial expressions of emotion. So, here we worked in such a way as to set the same parameters as Yamada did. According to the procedure described above, two times the number of six facial expressions posed by each stimulus person, i.e. a total of 144 facial expressions of 12 stimulus persons, were measured one by one in terms of nine parameters of the displacement of the feature points. To summarize this result, we calculated the mean values of nine parameters of 144 facial expressions by the category of emotion given to stimulus persons (see Table 2 ). From this table, for example, we can find that the stimulus persons appeared, on average, to pull the inner end points of right and left eyebrows (p3) up sharply when portraying a face of surprise (the averaged value of p3 for surprise was + 10.34 pixels), while pulling them down sharply when portraying a face of disgust (the averaged value of p3 for disgust was -14.44 pixels).
A Canonical Discriminant Analysis
A canonical discriminant analysis was performed whereby the exploratory variables were nine parameters of the expressions described above and the response variables were a probability distribution of categorical judgments' of 62 subjects of A and B groups. Table 3 shows a derived matrix of coefficient values representing the total canonical structure, and the Eigenvalues and the variances 3 Although a question as to how accurately subjects decoded the emotion which stimulus persons portrayed or intended to express is out of the issue we treated in this paper, the data concerning this question is summarized here for a reference. First, the percentages of subjects who identified or decoded each of 24 facial expressions of a particular emotion protrayed by 12 stimulus persons as showing the expected emotion were, on average, 94.7%, 81.9%, 30.9%, 74.1%, 79.9%, and 69.9% for happiness, surprise, fear, sadness, anger, and disgust respectively. Secondly, the numbers (percentages) of faces which were judged as showing the expected emotion by a majority of subjects, i.e. the numbers (percentages) of faces for which the mode category of judged emotion corresponded to the category of portrayed emotion, were 24 (100%) for each of happiness and surprise, 8 (33.3%) for fear, and 23 (95.8%) for each of sadness, anger, and disgust. Table  2 The average values of the parameters for the categories of the expressions (unit: pixels) Table 3 The result of the canonical discriminant analysis of canonical variables. As shown in Table 3 , about 50% of subjects' judgments were accounted for by the first canonical variable. The second and third variables explained about 30% and 13% respectively. On the other hand, the fourth and fifth variables explained less than 10%. Thus, the first three variables, which explained totally 92% of the judgments, would be examined in the following sections.
In the first canonical variable, the parameters of the vertical displacements of the middle and inner end points of the eyebrows, the middle points of the upper eyelids, the middle point of the lower lip and the corners of the lips (p2, p3, p4, p7 and p8) had higher coefficient values than others. The signs of coefficient values concerning the eyebrows and the eyes were opposite to those concerning the mouth. Therefore, this canonical variable represents the correlational changes of the facial elements concerning whether the inside or the middle of the eyebrows are lifted up, the eyes are opened, and the lower lip and the corners of lips are pulled down.
In the second canonical variable, the parameter of the horizontal displacement of the corners of the lips (p9) had the highest coefficient value and that of the vertical displacement (p8) had the next. The parameter of the vertical displacement of the middle of the upper lip (p6) had also a high coefficient value. All of these parameters had the same signs. Therefore, this canonical variable represents the facial changes concerning whether the corners of the lips are obliquely lifted upward and whether the upper lip is lifted up.
Lastly, in the third canonical variable, the parameters of the displacements of the outer corners of the eyes (p5) had the highest coef-ficient value, the middle points of the upper eyelids had the next, and the outer end points of the eyebrows (p4 and p1) had the third. They had the same signs. Therefore, this canonical variable indicates the facial changes concerning whether the outer corners of the eyes are pulled down or up, whether the upper eyelids are pulled down or up, and whether the outer end points of the eyebrows are pulled down or up. In order to examine the relationship between the structural variables and the categorical judgments, the central tendencies of each categorical judgments were plotted on the three dimensional space of the canonical variables as shown in' Figure 3 .
To see the positions of the categories on each canonical variables, surprise and sadness are at far ends of the dimension of the first canonical variable, and fear is nearest surprise. On the other hand, disgust, anger, and happiness are nearest sadness. On the dimension of the second canonical variable, happiness and anger are at far ends; disgust, sadness, and fear are near to anger; and surprise is almost at the center. Moreover, on the dimension of the third canonical variable, sadness and anger are at the ends, and other categories are in between. This result indicates that the first canonical variable would Yamada (1993) discussed, based on the experiments of the production and the recognition of the schematic expressional face, that at least two kinds of the structural changes on the face, i.e. curvedness/openness and slantedness, could be the dimensions of visual information for categorizing the expressions of emotion. The present research was conducted to test the validity of these findings by using the real facial expressions.
The Dimensions of Visual Information of the Facial Expressions
In this research, the portrayed expressions were measured in terms of nine parameters as in Yamada (1993) . Then, the relationship between the parameters of the expressions and the distribution of categorical judgments was examined by a canonical discriminant analysis. As a result, three major canonical variables were found. Among these canonical variables, the first variable indicated the correlational changes of the facial elements concerning whether the inside or the middle of the eyebrows are lifted up, whether the eyes are opened, and whether the lower lip and the corners of the lips are pulled down. Generally speaking, the first canonical variable seems to correspond to how widely and roundly the eyes and the mouth are open. Concerning the eyebrows, the changes of the middle points seems to be related to the curvedness of the eyebrows. Thus, this variable seems to correspond to the visual dimension of curvedness/openness found in Yamada (1993) .
As concerns the second canonical variable, it indicated the facial changes concerning whether the corners of the lips are obliquely lifted upward and whether the upper lip is lifted up. Considering that the weight of the lip corners was the highest, this variable seems to be related to whether the mouth has a V or a inverted V shape. Thus, though limited to the area of the mouth, this variable seems to correspond to the dimension of ' slantedness' as in Yamada (1993) .
On the other hand, the third canonical variable indicated the facial changes of whether the outer corners of the eyes are pulled down or up, whether the upper eyelids are pulled down or up, and whether the outer end points of the eyebrows are pulled down or up. These changes clearly indicate the slantedness of the eyes and the eyebrows, which constructs a part of the dimension of ' slantedness' found in Yamada (1993).
As described above, in the case of the real facial expressions too, 'curvedness/openness' and 'slantedness' are considered to be the visual dimensions for judging the categories of emotion. However, to clarify the similarity of the dimensions obtained in this research and in Yamada (1993) , it is necessary furthermore to examine the ways of explaining categorical judgments from the visual dimensions obtained.
The Dimensions of Visual Information and Categorical Judgments
The results of our experiment indicated that the first canonical variable is a visual dimension which discriminates surprise and fear from other categories. Considering that this variable represents the curvedness/openness of the facial elements, this result can be interpreted as follows. The more round or open the facial elements are, the more the face tends to be judged as expressing surprise. If the level of curvedness or openness is a little bit mild, such a face tends to be judged as expressing fear. On the contrary, if the eyes and the mouth are closed and the shape of those elements of the face including the eyebrows become straight, such a face tends to be judged as expressing other categories of emotion.
The second variable, which is considered as a part of slantedness, is a dimension which discriminate the category of happiness from among others, and this category can not be clearly discriminated by the first variable. This result can be interpreted as follows. Among the faces, of which the level of curvedness/openness is relatively low, the face in which the mouth is more V shaped, tends to be judged as expressing happiness. On the contrary, if it is more inverted V shaped, the face tends to be judged as expressing anger, disgust, or sadness.
Lastly, the third canonical variable, which is considered as representing slantedness of the eyebrows and the eyes, is the visual dimension of discriminating anger, disgust, and sadness. These categories are not able to be discriminated by the first and second variables. In another words, when the level of curvedness/openness of the facial elements is low and the mouth is relatively V shaped, if the eyebrows and the eyes are down-slanted, the tendency to be judged as sadness become high, but if they are upper-slanted, the tendency to be judged as anger becomes high. If slantedness is on the medium level, the tendency to be judged as disgust becomes high.
Comparing the category relationship on the visual dimension found in this research with that found in Yamada (1993) , it seems that both are quite similar. In his result, too, surprise and sadness are at each end of the dimension of curvedness/openness. And disgust was close to sadness. Moreover, on the dimension of slantedness of the whole face, as on the dimension of slantedness of the mouth, happiness and anger were at each end of it. In spite of this similarity, in our result, bipolarity as seen in Yamada (1993) was not so clearly shown. Rather it was shown that curvedness/openness is the significant dimension of judging surprise or fear, slantedness of the mouth is significant for happiness, and slantedness of the upper face is significant for anger, sadness and disgust. It is considered that these differences, including slantedness being divided into two distinguished dimensions in our findings, probably resulted from the difference between the schematic facial expressions and the real ones.
In conclusion, however, it can be said that our result did not deny Yamada's findings (1993) . That is, it has been confirmed that a person categorizes the facial expressions in terms of the structural changes in the face such as curvedness/openness and slantedness of the facial elements as the visual dimensions.
General Discussion
An important consequence of our research and Yamada's (1993) was to describe quantitatively the relationship between the stimulus and the response, i.e. the psycho-physical relationship in the judgments of the facial expressions of emotion. The traditional approaches have been able to classify the facial expressions only qualitatively to certain categories of emotion (Ekman,1972; etc.) . Therefore, the analysis of the mechanism of the recognition of the facial expressions has not greatly advanced since Schlosberg (1952 Schlosberg ( , 1954 . However, it has now been revealed to us what the dimensions of visual information of the facial expressions are. Therefore, it seems that research on the recognition of the facial expressions can make a step towards using the psycho-physical method as in other domains such as the color and the figure perceptions. Of course, our results must be verified by cross-cultural and developmental studies, also. Furthermore, the stimuli used in this research were static yet, and the real facial expressions must contain the movements. Thus, the quantitative description of the facial expressions should consider the dimension of the movement in future. In addition, the effect of the context and the subjects' internal state should also be taken into consideration to account for the judgments of the expressions (Yamada, 1992) .
By the way, in addition to the schematic face as used in Yamada (1993) , we have started to develop a computer system which can synthesize quantitatively the various kinds of the stimuli of the virtual realistic facial expressions, called MASC (Model-based facial Action Synthesizing Computer) system (Yamada, Maiya, Tsuda, & Chiba, 1992 ; see also Yamada, Maiya, Tsuda, Chiba, & Harashima, 1992) . By this system, we are expecting to overcome the various kinds of methodological problems and to make clear the mechanism of the recognition of the facial expressions of emotion in the near future.
